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(54) AMract Title 

Modular ayatam and martlMMl for proceaaing and injecting oil and gaa drill ctittinga 

(57) An automated^ high-epeed modular system for processing drill cuttings and then injecting them into a 
surrounding formation comprfsea a conveying ayateni, a holding tanlc 24 and two slurry taniea 15.22, 
circulating pumps 18J9^, a high-speed grinding mill 26« a high-preaaure injecdon pump 30, a fragmentation 
system and a automated system 36 for controlling the operation of the injection pump. The conveying meana 
comprises an in-feed cuttings conveyor 14 and a system shale shaker 20. Cuttings are fed into the first slurry 
tanlc 16, mixed with water, and ground Into a slurry by the grinding action of pumpe 18,19. The slurry Is then 
pumped tiy either of pumps 18,19 to the system shale shaker 20. The slurry pssses through the screens of the 
shaker into the second slurry tank 22 or to the holding tank 24. Cuttlnga that dont pass through the shakers 
screens are ground by a roll mill 26. The automation aystem 36 haa automatic speed control regulation with 
torque and horsepower limiting features. A line (38, figure 4) connected to the discharge line of the injection 
pump 30 IS routed to the hokJing tank 24 where it is divided Into two nozzles (40, figure 4) which are directed 
onto heavy plates (42, figure 4). The line (38, figure 4) may be charged at high pressure and the discharge fiow 
directed into the holding tank 24 via the nozzles. Any entrained cuttings strike the heavy plates at high vefoclty 
caualng fragmentation. 
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APPUCATION FOR PATENT 



INVENTORtJelfrey Reddoch 
P. O. Box 82098 
5 Lalayetce. LA 70598^098 

INVENTION: Cucdnci Infecdon Syttem 

SPECIFICATTQNT 
10 BACKGROUND OF THE INVENTfOM 

1. FIELD OP THE TNVPMTrnM 

This inTention relates to the collection and processing of drill cutting separated &om a 
drilling rig's solids control system and mote pardcular to the processing and injections of 
such cuttings into ficactutes in die eatdi fbnnation adjacent the well being drilled via the 

15 annuhis between a well casing and wdl bore or intio other such cutting di^sfll scenarios. 

2. GENERAL BACKGRmTlSin 

In the oil and gas drilling industry die processing of drill cuttings and dieir di^sal has been 
a logistics and environmental problem for a number of years. Various systems have been 
devdoped fi>r handling and processing the cuttings for di^sal and redamarion. Sudi 

to systems indude returning die cutting via injecdon under hi^ pressure back into the eatdi 

formation in a manner such as diat described in US. ^tent 4,942,929. 5,129,469 and 
5,109,933, and die treatment of drill cuttings as disdosed by US. Stents 4,595,422 
5,129,468, 5,361,998 and 5,303,786 . However, in peacrice, die injection process u not as 
single as it may seem. The pr^aration of die cuttingi into a homogeneous mix which is 

5 acceptable to hig^ ptesnue pumps used in pumping material down a wdl is essential 
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Ttansfemiing the cutting* into a ptin^able slurry is complicated by variable drill rates 
producing large volumes of cutdngs at times thereby creating surges in drill waste materials, 
the need tx> pump the skarry^ at^ ht^-pressures intt>- the earth and/or fiMmadon fieactures 
hundreds if not thousands of feet below the surfiice. Cotr^lications also arise due to the 
need for constant velocity and hi^ hors^wer while punning. On of&hore platforms 
space is at a premium. Therefore, cuttings tceatment units must be contact snd as li^t in 
wei^t as possible. Solids control equipment is most often placed in ha2ardous areas, near 
the well bore, where large horsepower internal combustion ertgines are not permitted due to 
the possibility of hi^ concentration. Therefore, any additional equipment used for 
processing solids must meet stringent explosion proof requirements for sudi areas of the 
tig. 

Heretofore, cuttings injection has not gained wide acceptance in of&hore drilling operations 
sudi as may be found in the North Sea, primarily due to die problems discussed above and 
the inefficiency and inefifectiveness of die cuttings preparation and injection processes. 
Althougjh, other cuttings processing system have been developed for pr^aring drill cutting 
for disposal and some have been tried in an atten^t to inject sudi processed drill cuttings 
into a well bore, as is disclosed by U.S. patents 4.942,929, 5,129,469, and 5,109.933 and 
5,431,236. However, none combine, individually or collectively all of the advanced 
features, required for problem-fiDee cuttings injection, disclosed herein by the instant 
invention. 

The problems associated with cuttings injection are numerous as expressed by Warren in 
VS. Patent 5,431,236. Starting widi processing of tfie cuttings for injection, we find that the 
partides ace not uniform in sise and density making the shirification process very 
complicated. The cuttings mixture often plugs circulating pumps, Axe abrasiveness of die 
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cuttinip also abrade the pusi^ impellets causing cxackin^ some attempts have been made to 
use the circulating pun^s Sot gonding the injection particles by puiposely causing pun^ 
cavitaion, ther^y shortening pump life, hard caker build i^^^ itt tanks creating dtculation 
problems and circulation pun^s cavitate unexpectedly due to irregular particle size. 
Thecefensp it is known that a unifism particle size of less than 100 mscton must be 
maintained for proper fbmnation injection at the well site. Maintaining such consistency 
widi hard and soft matsetials is vety difficult. The use of shear guns to reduce particle size 
as taught by Warren does not insure consistency and requires continuous tecalibxation 
thereby reducing the volume edacity of the processor. Warcen also teadies that sand 
should be sqparated thtou^ die use of hydtocydones which fiirtfier reduces ditougjhput 
volume. 

Neset we find that since no two eardi fioonations are alike it is vety difficult to prevent 
plugging of the fiDonation fiaactures in the well bore especially when there ate long delays in 
placement of the injection slurry in the formation. Plugging of the formation fiactures 
often occurs as a direct result of large particle size, often in the range of 300 micron or 
greater, combined with hi^ pressure hi^ volume applicatioru. Plugg^ of die well 
fi»rmation results in extensive well drilling downtime i^iMch is very expensive. 
Cuttings injection fiulures have occurred primarily due to the inabiliqr to, handle large 
volumes of cuttings surges, fine tune the injection process by providing particle size control, 
unifidrm slurry density and to provide volume and pressure control over the injection 
process. Furdier, attenr^ts to inject cutting slurries into the earth have met with failure as a 
result of die inabiUty to manually control all bccu of die process and injection operation. 
As a result o f such fiukues most ofiUiore drilling operators in die Nordi Sea have ban the 
practice and have resorted to using cj^^ensive synthetic drill fluids. 
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It is to this erid Chat the ptesent invention has been developed, the ptoprietuy know-how 
of whidb has been maintained until disclosed heiein thes^y, disclosing a unique efficient 
system and mediod for injecting drill cuttings into^an ofiUiOfe and gas wdl in a- drilling 
environment requiring compactness, relatively lig^t wet^^ low maintenance, full 
5 automation and opetability in hazardous potentially explosive environments. 

SUMMARY OP THE INVEJmON 
The instant invention has overcome the problems of the prior art and has proven itself by 
successfully perfbmiing cuttings processing and injection in wells where others have fiuled under 

10 identical conditions. The instant invention relates to a drill cuttings processing and injection system 
for use in hazardous oil and gas well drilling environments where compactness, smooth hig^ 
perfermanoe injection pumping whidi provides zero downtime and volume variability, and where 
reduced maintenance ate essential. In accordance, a modular processing system is provided 
i conyrising a shaker package, a gpnder and/or roll mill package, a slurrification control package, 

15 Slurrification tanks, tcansfier pun^ package, injection ptin^ package, air control ^tem , hydraulics 
package, and Electrical package. The self-contained system transfers drill cuttings ficom the drilling 
ri^s cuttings shaker discharge trou^ to the system slurrificadoh package where the cuttings are 
further processed for injection, via a hig^ pressure purr^, de^ into the earth's formation. These and 
other aspects of the present invention together with certain advantages and siJf>erior features thereof 

20 may be fiulher appreciated by diose skilled in die art upon reading the following detailed 
description. 

nuiCT nTganiwyiTQM of the PRAWtMoa 
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For A further understanding of the natute and objects of the present invention, tefiacnce should be 
made to the following detailed description taken in conjunction with the accompanying dawing% in 
whtdi, like pacts are g^en like refiuence numerals, and ti^etetn: 
FI6*1 is a side elevation of the process module; 
5 FIG.2 is top view of the process module; 

FIG.3 is schematic diagram of the process system; 

FIG.4 is fl cross section view of the holding tank particle fis^nentAtion systen^ 
FIG-S is a cross section view of the flow path of die cutting slucxy into die earth femiation via a 
well bore annulus; 

10 FIG. 6 is a ficont demtion of a second embodiment of the cuttings and injection modul^^ 
FIG. 7 is a top view of the second embodiment illustrated in Fig. 6; 
FIG. 8 is a rigjht side view of the exhbodiment illusttated in Fig. 6; 

FIG. 9 is A left side view of die embodiment ilhistraced in Fig. 6 taken along sig^t line 9-9; 
FIG. 10 is a partial section view of the embodiment illustrated in Fig. 6 taken along sig^t lines 10- 
15 10; 

FIG. 11 is a partial expk)ded view ofthe arrangement shown inFig. 10; 
FIG. 12 is a cross section view taken along the si^t line 8-8 in Fig. 10; 

FIG. 13 is schematic diag^ of die process system of the second embodiment aiustzated in Fi^s 6- 
9; and 

20 FIG. 14 is an isometric view of an alternative injection pun^. 



DETAn,Kn DESCRflKnnM OF THE PREPEIMIFJI EMBOni 
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Turning first to Fig.l and Fig. 2 we see the invention 10 con^hses a processing modiile 12 whidi, 
when assembled, is self confined and fully operational for operation on an of&hore dhllixig 
locationr Hie Module 12^ system as best seen -in Fig« 5- fiirdier comprisea^ an-in-fised- cuttings 
conveyor 14 or other such means xx^idi fised overflow drill cuttings S &om a drilling rigf s drilling 
5 fluid mud recovery system's shell shakers to the process module 12 where die cuttings 5 are 
dq>osited into a first slurry tank 16. The tanks are configMred widi special baffles and a conical lower 
portion to prevent plugging and caking of the solids and increase the speed in whidi die cuttinga in a 
slurry are feed to the grinder pumps 18^19. The cuttings slurry 15 is agitated and pound by the 
centrifugal shredding or the grinding pun^s 18, 19 located adjacent the slurry tank 16 where water is 

10 added as necessary to provide a pumpable slurry solution. Ihe slurry IS is then pumped via either of 
the two grinding pun^s 18,19 to a system shale shaker 20 where the slurry 15 passing through the 
shale shaker's screens is fisd to a second slurry tank 22» vAiere it is fiirdier agitated and mixed, or to a 
holding tank 24. Overflow entrained cuttings ^irfiich <Io not pass throu^ the shale shaker^s 20 
screens is gravity fed to a roll mill 26 where the oversize cuttings 5 sudi as sand, limestone and 

15 shale are instantaneously ground into fine particles and fisd back to the first and second slurry tanks 
16^22. This high 9eed milling operation p er fo r m e d by roll mill 26 serves to significantly reduce 
particle size to a uniform consistence, thus reducing the possibility of restricted flow rates caused by 
irregular size particles entrained in the slurry during the cutdngf s 15 fint pass throu^ the slurry 
tanks 16,22. A diird pump 28 is provided for recirculating slurry 15 between the holding tank 24 

20 and the two slurry tanks 16,22. The second circulating pump 19 also serves as backup for the first 
grinding pun^ 18 thus allowing either of the slurry tanks 16,22 to be the primary tank. Pumps 18 
and 19 ate fitted with ^>ecial oversize impellers having large tungsten carbide particle in y r eg n a t ed 
mateiz coatings to prevent cracking and wear. These large tn^eDers shred the cuttings 5 in a manner 
whereby the softer cuttings are degraded and become entcained in the slurry immediately. Cavitation 
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of the piinr^s 18,19 is putposely avoided dius reducing wear and cracking of impeller blades. 
Connection lines are provided for feeding die homogenous slurry, resulting Scorn thorough mixing 
and slurry particle reduction^ to a hi^ pressure injection pump 3& for injection into the annuhis 44 
of a well bore 46 and ultimately into the earth fetmation 48 as seen in Ftg« S or to cement punning 
operations if needed. A hydraulics package 32 is provide for driving conveyor motors snd an 
electrical control package 34 is provided for operations of all AC operated equipment i.ei sg^tation 
motors, pun^ motors, sensors, etc. 

A q>ecial electrical AC/DC 'Speed Control Regulator^ ^CR) package 36 is provided for 
controlling the large, electrical motor driving the hi^ pressure tr^lex or piston type injector punr^ 
30. This type of motor control has been widely used for industrial plant systenu for many years. 
However, SCB. systems have not been enr^loyed in the offshore oil and gas ixidustry for drill 
cutting 5 injection use in Hazardous locations. It has been found that due to its oorx^leziqr, its 
maximum hors^ower and speed limitations and its ability to meet dass 1 acne 1 hazardous location 
requirements SCR drives are ideal for such applications. Such zone classifications are used in the 
industry to desig^iate potentially hazardous gas locations which could become flammable. Bkzardoiis 
locations are generally limited to equipment having heavy gas-ti^t enclosures for all electrical 
apparatus. Therefore, in this ease zone 1 on an oil or gas well drilling platform is considered more 
hazardous than zone two due to its closer proximity to the well head (generally within SO feet) 
would require a mudi hi^er safety fector widi regard to die equipmentfs probability of causing 
sparks ^riiich could igpite gases emitted ficom the well 

Problems with sudi drives in the past have mote recently been overcome with the more common 
use of solid-state circuitry and oonr^uter logic systems making sudi systems less con^licated and 
maintenance ficee. The SCR system 36 is ideally suited to this particular operation due to its ability to 
control a wide range of motor speeds, adjustable torque control, excellent ^eed regulation, dynamic 



braking fast; stable re^onse to dianging load conditions encounteied in deep weU pumping 
opetations, horsepower limiting pressure limiting on well cuttings injection, hi^ efficiency and 
automatic operationr ■ 

A very hig^ horsc^wer drive, in the 1000 horsepower csnge, is required for driving the hig^ volume 
injection pun^ 30. Die injection pump 30 has a dischaige pressure of up to 15000 PSL Sevetal 
types of injection pun^s may be used including triplex and large diylacement piston ptunps. The 
prior art usually utili2es a large direct drive diesel engine located in zone 2 (semi-hazardous area) or 
an inefficient hydraulic drive motor powered by a remote engine or an explosion proof electric 
motor and pun^ package as a drive means approved for location in zone 1 areas* However, 
hydtaulic drives have proven to be incapable of controlling hig^ pressure injection pun^s of diis 
magnitude (over 200 horsq>ower) in a satisfiurtory manner. Prinnarily due to their hig^ maintenance, 
hea^ inefficiency and noise levels. Noise levels being restricted to 80 decibels or less on ofiUiore 
drilling rigs in the North Sea increases die difficulty of their use. 

The instant invention utilizes a direct coupled electric motor drive for the injection pun^ 50 
controlled by the Speed Control Regulation system 36. Ihe Speed Control R^^ladon (5CIQ system 
36 allows an explosion proof motor to be close coupled to a ht^ pressure injection purx^. The SC& 
system is then controlled electrically by a progcammed computer system. Thereby providing small 
foot prin^ lig^t wei^t; constant or variable horsepower and torque at selected operating speeds 
thus ledudng surging and stalling of die cuttings injection pun^ process. There are several methods 
which may be used to provide ^eed control for drive motors coupled to the triplex injection pun^. 
For example an engine driving a DC generator which in turn drives a DC driving nrtotor having 
speed control capability. A second options may be the use of an AC motor driving the DC 
generator, an AC fioequency controlled motor drive, or an AC motor with SCB. capability. In any 



case the advantages of an electric ^eed controlled drive system Su exceeds diat of a hydraulic pump 
and.motor drive. 

Automated electxical ^eed^ contr^ and pressure controls aUow other contret systems to - be 
in^lemenGed whi<h are con^utenzed to assist in automating and controlling the injection process 
qrstem. Therefore, it is possible to fiiUy automate die process based on femiation reaction 
information. Such a ^tem has many advantages, for example, automation of the ^ten^s injector 
pump speed and torque also prevents formation plugging and is intedocked to protect the well 
foomoverpcessutization. The systems may also be run at very low ^eed and low pressure therd>y 
preventing la^ formation fosctures. However, ^*en the need arises hig^ pressure and hig^ 
horsepower can be applied to foicture the femiation. 

It is also important to have the ability to leave die shiny in the formation for long periods without 
plugging die formation or die casing annulus. Therefore, a process has been developed and inchided 
into the system for automaticany injecting psemixed gels having yield stzengdi and fluid loss 
properties into die slurry solution thereby allowing for fomiation sensitivity. Such automatic 
injection may be programmed to a pre^tetmined rate based on formation requirements or to meet 
real time dianging conditions. 

Automation fiuther allows computer control of multiple processes thereby drastically reducing or 

eliminating die need for excessive manning of die system on a constant basis, dius reducing cost of 
operation. 

It is highly desirable to seduce die entrained particle sixe to less dian 100 micron in order to insure 
long term success of cuttings injection and sigpificandy increase die cuttings vohime a well will 
receive. The smaller die particles sixe die less plugging and fiiacturing occurs in die eardi formation. 
Thecefeee,an imporfiant feature of die injection process module 12 is its ability to siae and fiapnent 
cuttings parades suspended in die slurry 15 at high »pced and pressure and diereby preventing 
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constipation of die dcill cuttings 5 processing system. This feature prevents shutdowns of drilling 
operations due to cuttings out flow plugging One upect of this hi^ ^eed process includes sn 
impingement system wherd>f ft line 38- is^ connected to the disdiacge line- of the injectioa punr^ 3& 
is touted to the holding tank vAicct it is divided into two no22les 40 which are directed onto heavy 
plates 42. When necessary this line 38 may be charged at hi^ pressure, thus directing discharge flow 
&orh the injection pump 30 direcdy into die holdir^ tank 24 via said no2zles 40. The enteatned 
cuttings then strike the heavy plates 42 at hig^ velocity thus fimg^nenting sudi particles making the 
slurry even more homogeneous. This system furdier serves to hydrate die introduced gel diemicals 
and enhance the fluidity of die drill cuttings S thus aiding in slurry pc^aration and to provide 
cuttings slurry IS quality control. 

The second embodiment 50 as illustrated in Fig. 6 perform the essentially the same function as the 
first embodiment 10. However, this arrangement provides a more conr^Mct and efficient unit. For 
example the holding tank 24 and the two slurry tanks 16 and 22 have been unitized. As seen in 
Fig. 6 the holding tank B2 occupies one end of the skid 54. A lower portion of the holding tank 52 
is removed, as seen in Fig. 8 to provide a space for the super charging and recirculating pun^ 28. 
The two slurry tanks 56^7 occupy the remaining portion of the skid 54 adjacent the holding tnk 52 
sq>arated only by a petition 58. The slurry tanks 56J7 have sloping bottoms 60 , as seen in Fig. 9, 
extending the widdi of the skid 54. This allows room to mount the grinding pumps 18^ 19 below the 
tanks. This arrangement allow the width and the hei^t of die skid 54 to be k^t to a minimum 
while maintaining maximum cq)acity. Therd>y producing a smaller foot print iirtiere ^Mce is at a 
premium. To in^rove service ability, quick couples 62 are provided on all pump connections thus 
allowing fisst pun^ dean out and/or replacement. As seen in Fig. 7 the shaker 20 is mounted 
above the holding and slurry tsnks S2JS6J1 which allows for easy access and visual infection of 
the tank interiors via screen decks 64. Turning now to Fig. 10 we see a somewhat diflBsrent 
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amngement of the particle size control flppacatus which takes the place of die hi^ pcessute 
in^ingement system illustzated in Fig. 4 of the first enibodiment 10. This embodiment 50 utilizes 
the grinder pim^ IS and 19^ to direet^ die- slurx]^^ 16 upwards^ dirou^^ stand pipe 66 whidtt is 
removable by disconnecting the deck plate 68 and uncoupling the quick couple 62 . the stand pipe is 
coupled to a replaceable nozzle 70 via a pipe union 72. The slurry 16 is then directed towards a 
replaceable sn^ingement member 74 having a conical portion therein which is in turn connected via 
direaded rod 76 and pin 78* The impingement member may therefore be adjustably lowered into 
dose proximity with the nozzle 70 by singly turning the hand wheel 80 connected to the threaded 
rod 76, thus adjusting the particle size of the slurry 16. As seen in Fig. 11 this arrangement not cuily 
allows the slurry IS particle size to be adjusted &om the top of die tanks 56^87 but also allows 
quick removal for cleaning or iiq>lacement of the stand pipes 66, nozzle 70 and impingement 
member 74 &om the top of the tanks 56»S7. As seen in Fig. 12 die threaded rod 76 is supported 
by removable, direaded nut, assemblies 100 mounted to fiame members 98. 

It should also be noted that by having the slurry tanks S6^7 located adjacent the holding tank S2 
sq>arated only by a common pardtion whidi is slig^dy below the level of the surrounding walls 
diereby allowing the slurry 16 in die hoMing tenk to overflow into die slurry tanks 56J7 if necessary. 

As seen in Fig. 6 piping 82 leading fcom the oudet of the super charging pump 28 rrmy be directed 
via a valve 84 to die stand pipe 66 located in the first slurry tank S6 » diereby fiirdier reducing the 
particle size of the slurry in the hoUing conk. Piping 86 is also provided in eadi of the slurry tanks as 
seen in Fig. il yfAndtx directs flow of the slurry fiom the grinding pun^s 18^19 back to the vibrator 
s creen 20 via valve 88 where the cutting were first delivered via a tcansfier system 14 fer 
sqparacion. The shaker or vibrator scieen 20 ddivers all fluids and particles of a pcedetemuned size 
passing dirou^ die screen as underflow direc^ to the holding tank, while the oversize cuttings 
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materials ate dischaiged as overflow into the cuttings sluccy tanks 56^7 for processing by the 
gcinding pumps 18»19 and the pardde quala^ assurance system controlled by the in^ingement and 

tedicutog^ system d i s cu s s ed above^- 

As seen in 13 die second embodiment further includes both terT^>ecature sensors 96 and 

5 viscosity and density sensors 94 located in each of the slurry tanks and controllers Sot same. It is 
also anticipated diat diemicals used fisr controlling the viscosity of the slurry 16 nuy be p^ed via 
line 1Q2 into each of the slurry tanks S6yS7 as well as waste water 104 and sea water 106 or finesh 
water to control the densi^. 

As previously escplained herein the injection pump 30 may be r^laced by a piston or cylinder 
10 intensifier pump sudi as that iUustcated in Fig. 14. This type of pump 200 utilizes a double acting 
hydraulic cylinder assembly 202 having dual rods one extending ficom eadi end of the piston tfiereby 
forming a double tod cylinder. Eadi rod is then enclosed or encased in a product cylinder 204 
having inside diameter sli^dy larger than the rod diameter. Thereby intensifying the fidroe of the 
cylinder rod by the difference between the hydraulic cylinder piston displacement and rod 
15 displacement multiplied by the hydraulic pressure. Eadi product cylinder 204 is fitted widi a pipe 
tee fitting 206 at one end ^xdiereby a dieck valve 208 is attadied to die eadi of the two remaining 
ends. An inlet manifiold line 210 is connected to one of the check valves 208 at each product 
cylinder 204 in a manner whereby the manifold line 210 is also connectable via a quick coupling 
212 to the drill cuttings tank. An oudet manifold line 214 is also connected to the remaining dtteek 
2D vahre 208 at eoA product cylinder 204 in a manner v^erdsy the manifold line 214 is also 
connectable via quick coupling 216 to the well head injection line. The hydraulic cylinder 202 is 
connected to a hydraulic power unit and valve system having electdc sensors and controls vihidi 
alternately stroke the cylinder 202. The linear configuration of the pump unit 200 allov^ the unit to 
fit snu^y within the confines of die skid package of the units 12 and SO discussed herein. 
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Because many varying and dififerenc ennbodiments may be made within the scope of the inventive 
concept heidn taught; and because many naodifieation may be made in the embodiments herein 
detailed in accordance with the descriptive requirement of the kov it is to be understood- thst the 
details hereb are to be interpreted as illustrative and not in any limiting sense. 
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WHAT IS CLAIMED IS: 

1. A modular ptocetsang and injection system for the injection of drill cutting, in an eardi 

femftation compri sing ! 

a } A means for receiving drill cuttings; 

b } a shiixy system connected to said means for receiving drill cuttings said slurry system 
fiirdier including a means for producing a drill cuttings slurry and circulating said slurry 
throu^out said processing and injection systen^ 

c } a means for reducing particle size of said drill cuttings entrained within said slurry; 

d) an injection pump means attached to said processing systenip for injecting said drill 
cuttings slurry into an earth fermation; 

e ) a drive means for driving said injection pump means; 

£ } a ^>eed and torque regulation system cormected to said drive means; and 
g) a con^uter means fer electrically controllirig said speed and torque regulation^ 
processing and injection systems. 

2 • A modular processing and injection system £br the injection of drill cuttings, in an earth 

fotmatxon according to claim 1 wherein said means fer receiving drill cuttings further includes a 
collection and conveying system. 

3 • A modular processing and injection system for the injection of drill cuttings, in an earth 

formation according to claim 1 wherein said means fer reducing particle size of said drill cuttings 
entrained widiin said slurry includes a hig^ ^>eed mill. 



4 . A modular ptocessing and injection system for the injection of drill cuttings^ in an earth 
fbmnation according to claim 1 herein said means fisr reducing parbde size, of said drill 
cuttings entcained within said slurry, includes a particle impingement means^ . 



5. A modular processing and injection system for the injection of drill cuttings in an earth 

formation compnsmgs 

a ) a drill cutting collection and conveying system connected to a drilling rigfs solids control 
shale shaker system; 

b) a shirty system connected to said collecting and conveying system; 

c) a means for producing a cuttings slurry widiin said slurry system and circulating said 
slurry throughout said processing and injection system; 

d) a milling means for reducing particle size of said drill cutting entrained within said 
shirty; 

e) an injection pun^ means attached to said processing system, for injecting said drill 
cuttings shiny into an eartfi formation; 

£} a drive means for driving said injection pump mean^ 
g) a ^eed and torque r^;ulation system connected to said drive means; and 
h} a conr^uter means for electrically controlling said q>eed and torque regulation, 
processing and injection ^tems. 

6. A modular processing and injection system for the injection of drill cuttings in an earth 

fonnation connprisingE 

a ) a drill cutting collection and co n vey in g system connected to a drilling ri^s solids control 
shale shaker system; 



b ) ^ slurry system connected to said collecting and conveying system; 

c) a means fiE>r producing a cuttings slurry within said slurry qrstem and circulating said 
slurry throughout said processing and injection system; ~ 

d ) a milling means for reducing particle size of said drill cuttings entrained widiin said 
5 slurry; 

e } a means of impin^ng said drill cuttings entrained within said slurry for further reducing 
said particle size; 

f ) an injection punr^ means attached to said processing system, for reinjecting said drill 

cuttings slurry into an eartfi fiscmation; 
10 g } A drive means for driving said injection purr^ means; 

h } a speed and torque regulation system connected to said drive means; and 

i) a conr^uter means for electrically controlling said speed and torque regulation, 

processing; and injection systems. 

15 7. A modular processing and injection system for the injection of drill cuttings, in an earth 
fonmadon according to claim 1 wherein said means for circulating said slurry is a pun^ having 
an in^>eller coated widi a tungsten carbide i m p r eg n ated matciz. 

8« A modular processing and injection ^stem for die injection of drill cuttings, in an earth 
20 btmation according to claim 6 wherein said means of irr^ing^g con^rised a hi|^ pressure 

slurry line connected, to said injection punr^ temiinating inside a tank, said high pressure line 
having at least one nozzle inside said tank directed towards an in^ingenwit plate. 
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9. A modular pcocesstng and injection system for the injection of drill cuttings, in an earth 
fidflmation according to claim 6 ^etein said milling means is a roll mill 



10. A niodular processing and injection system for the injection of drill cuttings, in an earth 
formation according to claim 1 ivheiein said injection pun^ is ahig^ pressure tr^lex type pun^. 

11. A modular processing and injection system for die injection of drill cutting in an earth 
fomiation according to daim 1 wherein said con^uter nieans includes a pro-am for 
automating said processing and injection system's fonctions in tesponse to weU foimation 
injection variables. 

12. A modular processing and injection system for the injection of drill cuttings in an earth 
fomiation according to daim 1 wherein said speed and torque control regulation system 
conr^rises an dectconic. programable motor speed controller with torque sensing feed back and 
horse power limiting drcuitry. 

13. An oil and gas wdl. drill cuttings, processing and injection system comprising; 

a ) a conveying means for collecting and delivering cuttings via fluid recovery shale shakers 
to said processing and injection systen^ 

b) at least one slurry tank connected to said conveying means; 

c) ft nieans located wiriain said slurry tank for niixing a fluid widi said cuttiii^ to pro^^ 
a slurry; 

d} a n^eans for circulating said slurry; 



e ) A system shale shaker fludically connected to said means for cscculating said slurry; 

f ) a meana for finding cuttings particles entrained in said slurry and disdiarging said 
slurry into slurry tank; 

g) a holding tsnk fluidically connected to said system shale shaker, said means for 
circulating and said second slurry tank; 

h) a piamp means for circulating said slurry ficom said system shale shaker fludically 
connected to said holding tank and said second slurry tank; 

1 } an injection pump means fludically connected to said first and second slurry tanks and 
said holding tshk fer injecting processed cuttings in said slurry into an earth formation; 

j } an electrical drive means for driving said injection pun^ means; 

k) a means for controlling speed and torque of said electrical drive means; and 

1) a foig^ientation means located inside said holding tank for fing^nenting entrained 
particles in said slurry. 

14. An oil and g^ well, drill cuttings process and injection system according to claim 13 whe r ein 
said ficagmentation means con^rises a plurality of nozzles attached to an inflow line ficom said 
injection pun^ discharge said nozzles being fiirther directed towards a metal surfiice plate. 

15. An oil and gas well, drill cuttings process and injection system according to daim 13 herein 
said drive means is on electdc motor having electric speed control regulation with torque and 
hors^ower limiting capability. 

16. An oil and ffs well, drill cuttings process and injection system according to daim 13 wherein 
said electcical control means for controlling speed and torque of said dectrical drive means are 



IS 



contained in housings ivhich meet decthcal safety regulations fi>f class 1 zone 1 hazardous 
locations. 



17. An oil and well, dcxll cuttings ptocess and injection module according to daim 13 wheeein 
said injection pun^ means is a hi^ pcessuie triples punnp. 

18. An oil and gas well, drill cuttings process and injection system according to claim 13 wherein 
said electrical drive means is an electric motor having between 200^1000 horsq>ower. 

19. A method of processing and injecting drill cuttings into an eardi fidrmation adjacent a well casing 
while drilling coxr^rising the stqps o£ 

a) collecting drill cuttings fipom shale shakers associated with a drilling mud recovery 
system; 

b} processing said drill cuttings by passing said cuttings diroug^ an injection module 
oompnstng} 

1) a co nv ey in g means for delivering said drill cuttingi to said injection module 

II) a first slurry tank connected to said co nvey i ng means; 

III ) a second slurry tank connected to said first slurry tank; 

Iv) a means located widiin said first and second slurry tanks Sot mixing a fluid with 

said cutting to produce a slurry; 
v) a means for circulating said slurry between said first and second slurry tanks; 
vl) a system shaker screen connected to said means fi>r circulating said shirry; 
vil) a means fi»r hig^ speed gnndir^ and discharging entcained cuttingii into said first 

and second slurry tanks; 



vill) z holding tank fluidicttlly connected to said shaker s creen , said means for 

circulating and said second slurry tonk; 
Ix} a means for circulating said slurry fieom said- sha k er s cr een co nn e c te d to said 

holding tank and said second slurry tanlq 
X ) an injection pump means fludically connected to said first and second slurry tanks 

and said holding tank for injecting said slurry into an earth formation; 
xl } an electrical drive means for driving said injection pump means; 
xl i ) a means for controlling speed of said electrical drive means; and 
xi 1 i } a ficag^entation nteans located inside said holding tank for fiaagn^enting entrained 
particles in said slurry, 
c } controlling quality of said slurry by ficag^nenting entrained particles in said slurry; 
d) injecting said drill cuttings into an eardi formation; and 
e } controlling ^eed, and torque of said injection pun^, electrically. 

A method of processing and injecting drill cuttings according to daim 19 herein said 
ficagpiendng process of said entrained particles is accomplished by ixnpingfng said entrained 
particles, at hig^ pressure, against a set of plates. 

A method of processing and injecting drill according to claim 19 w h er e iiA said means for 
controlling said electrical drive means includes electronically sensing torque requirements 
and varying the drive speed to condensate and maintain a preselected pressure on said 
cuttings slurry diuing injection. 
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22. A method for pcoceutng dtill cutting^ for injection into on earth fecmation con^rising the 
steps o£ 

ai- collecting said dtiU cuttings; 

b) producing a sluccy by adding fluid to said drill cuttings; 
5 c) sising by niiUing said drill cutting shiciy; 

d) homogenising by mixing and circulating said slurry until all solid particles are entxatned 
in solution; and 

e} fica^nenting said entrained solid particles by impinging said solid particles at hi^ 
pressure^ against a surfiice. 

10 

23- A method for processing drill cuttings for injection into an fomnation according to claim 22 
^etein said fioag^nentingof enteained solid particle reduces said solid particle size to less than 
100 micron. 

15 24. A mediod of processing and injecting drill cuttings into a well formation ^diile drilling 
comprisir^ die steps o£ 

a) automating a drill cuttings processing and injection system; and 

b) progcamming said automated processing and injection systems based on real time 
measurements of down hole eard) formation dianges. 

20 

25. A mediod of processing and injecting drill cuttings into an eardi formation con^rising the 
stq>s o£ 

a) ftutornatirigedrin cuttings processing and injection ^tem; and 
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b) pcogcunming said autormted pcocessing and injection systems based on ptogcesstve 
dianges in injection system pcessuce, cuttings density and calculated formation volume 
c^actty^. ... 

26. A method of pcocessing and injecting dcill cuttings into an earth formation con^nsing the 
st^s o£ 

a } premising gels and die like for controlling yield strength and fluid loss over long periods 

in drill cuttings slurry; 
b } providing an automated means for introducing said geb into sasd slurry; and 
c) programming said automated means to introduce said gel mix into said slurry at a 

predetermined rate based on formation requirements. 

27. A method of injecting oil and gas well drill cuttings into an eadh formation con^rising; 

a } providing an injection pump; 

b } providing an electrical means for driving said injection pump; and 
c} providing a means for electcically controlling speed and limiting hors^ower of said 
electrical means for driving said injection pump. 

28. A modular cuttings injection system for location on a petroleum drilling rig con^rising : 

^ means for conveying drill cuttings £com said rig to said injection qrstem; 

b) a vibrator screen, connected to said means for conv^ing having overflow and 
underflow discharge oudets; 

c) a modular tank skid con^nsing a holding tank and at least two slurry tanks fluidly 
connected to said overflow and underflow pudets; 

d) a pindingpuny having gilet and outlet ports, connected fluidly to each said stucrytanl^ 



e) A cicculating pump having inlet tfid oude^ connected fluidly to said holding tanl^ 

Q a stand pipe located internal eadi said shitty tsnk having a nonle, said stand pipe 

connected to said oudet of said gnndingpunip; - 

^ a vatiable impingement member located adjacent said no22le; 
h) an injection pump fluidly connected to said holding tank; 

0 an electrical and hydraulic conttol means for controlling said means for conveying said 
grinding pumps , said circulating punp, said vibrator screen and said injection pump. 

29. A modular cuttings injection system according to claim 28 ivheiein said injection ^stem 
furdier conprises a system for monitoring and controlling viscosity and density of said drill 
cuttings. 

30. A modular cuttings injection system according to claim 28 Tvherein said holdis^ tank and said 
shirty tanks fi»rm a sin^e modular unit 

31. Amodular cuttings injection system according to claim 28 herein said drill cuttings shirty in 
said holding tank is allowed to overflow into said slurry tank • 

32. A modular cutting injection system according to daim 28 wherein said shirty tanks have 
sloping bottoms. 

33. A modular cuttings injection system according to claim 28 wherein said stand pipe is 
r^laceable from the top of said slurry tank. 

34. A modular cuttings injection s^tem according to claim 28 ^lAierein said nozzle is replaceable 
ficom the top said shirty tank. 

35. A modular cuttings injection system according to daim 28 wherein said in^ingetnent member 
further con^rises a cmical in^ingement surfiuse and is adjustable relative said nozzle via a 
hand wheel 
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36. A modular cuttings injection system aocotding to claim 28 herein said system for monitonng 

and contralling viscosity and density of said dtill cuttings includes the use of chemicals, 
waste and sea ivater. — 

37. A modular cuttings injection system according to claim 28 whecein said gdnding and 
circulating pun^s are connected to inlet and out conduits via quick couplings. 

38. A niodular cuttings injection ^stem according to daim 28 wherein said injection pun^ is a tarn 
injection unit comprising; 

a) a hydnuilic cylinder having a rod end at eadi end of said cylinder; 

b) a product cylinder connected to eadi said rod end; 

c) a pipe tee fitting connected to one end of said product cylinder, opposite said hydxaulic 
cylinder; 

an inlet check valve and an oudet dieck valve connected to said tee; 
e) a first manifold having an outlet port connected to each said oudet dieck valve;. 
Q a second manifold having an inlet poet connected to eadi said inlet check valv^ and 
^ a means for automatically alternately stroking said hydraulic c^der. 
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A modular processing and injection system, for the 
injection o£ drill cuttings in an earth formation, 
substantially as hereinbefore described with reference 
to the accon^anying. drawings. 

A pumping apparatus for use in drill cuttings re- 
injection comprising a high pressure pump, an 
electrical drive system directly coupled therewith and 
a speed controller for regrulating the electrical drive 
system, wherein the speed controller is connected to 
sensing means and a processor for analysing conditions 
during a re- injection operation whereby the drive 
system can be regulated responsive to feedback from 
said sensing means during the re -injection operation* 

A pumping apparatus for use in drill cuttings re- 
injection comprising a high pressure pump, am 
electrical drive system directly coupled therewith and 
a speed controller for regulating the electrical drive 
system, substeuitially as hereinbefore described with 
reference to Figures 1 to 13 of the acconqpanying 
drawings . 

A pumping apparatus for use in drill cuttings re- 
injection comprising a high pressure pump, an 
electrical drive system directly coupled therewith and 
a speed controller for regulating the electrical drive 
system, substantially as hereinbefore described with 
reference to Figure 14 of the accompanying drawings. 

A method of processing and injecting drill cuttings 
into an earth formation, using a regulated 
electrically driven high pressure injection punp, 
substantially as hereinbefore described. 
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